Abstract. Genes and microRNAs (miRNAs) are considered to be key biological factors in human carcinogenesis. To date, considerable data have been obtained regarding genes and miRNAs in cancer; however, the regulatory mechanisms associated with the genes and miRNAs in cancer have yet to be fully elucidated. The aim of the present study was to use the key genes and miRNAs associated with laryngeal cancer (LC) to construct three regulatory networks (differentially expressed, LC-related and global). A network topology of the development of LC, involving 10 differentially expressed miRNAs and 55 differentially expressed genes, was obtained. These genes exhibited multiple identities, including target genes of miRNA, transcription factors (TFs) and host genes. The key regulatory interactions were determined by comparing the similarities and differences among the three networks. The nodes and pathways in LC, as well as the association between each pair of factors within the networks, such as TFs and miRNA, miRNA and target genes and miRNA and its host gene, were discussed. The mechanisms of LC involved certain key pathways featuring self-adaptation regulation and nodes without direct predecessors or successors. The findings of the present study have further elucidated the pathogenesis of LC and are likely to be beneficial for future research into LC.
Introduction
Laryngeal cancer (LC) is one of the most common types of head and neck cancer. A large number of protein-coding and non-coding genes are known to be differentially expressed in LC cells, indicating a functional switch (1) . This gene expression is regulated at the post-transcriptional level, and is involved in the regulation of cellular differentiation and development and metabolic processes (2) .
Transcription factors (TFs) and microRNAs (miRNAs) have crucial roles in the regulation of gene expression (3) . TFs are proteins that bind to cis-regulatory elements located in the upstream regions of genes in order to activate or suppress transcription, thereby acting to regulate gene expression at the transcriptional level. TFs may function alone or in combination with other proteins (4) . miRNAs are evolutionarily conserved, endogenous, non-coding RNAs that post-transcriptionally modulate gene expression and are associated with tumorigenesis (5) . Differentially expressed genes and miRNAs are significant factors in the development, metastasis and therapy of LC. miR-21, for example, has been suggested to play an oncogenic role in the cellular processes of LC (6) , and c-Myc is highly expressed at the protein level in LC (7) . miRNAs target thousands of human genes, known as target genes; knowledge of these target genes is important for the analysis of the biological functions of miRNAs (8) . A number of databases, including those that are computationally (9) and experimentally (10, 11) validated, provide an adequate resource to facilitate an understanding of the associations between miRNAs and their targets. Certain miRNAs are located within genes known as host genes, and these miRNAs are transcribed in parallel with their host transcripts. Two different transcription classes of miRNAs have been identified: Exonic and intronic (12) . Baskerville and Bartel (13) indicated that a close association exists between intronic miRNA and its host gene. Intronic miRNA and its host gene are usually expressed in a coordinated manner in biological progression, and typically work in combination to effect a biological function and the alteration of signaling pathways (14) . The host gene is considered in the network of differentially expressed factors when its corresponding miRNA is differentially expressed. The findings of the above studies suggest that miRNAs can either work together with or separately from their host genes in the progression of cancer.
The aim of the present study was to focus on the associations among the elements in LC by collecting information on the differentially expressed and cancer-related genes and miRNAs involved in LC from databases and literature searches. made to find the similarities and differences among the three networks, and the regulatory pathways involving the differentially expressed elements and common TFs were separately extracted. We hypothesized that the pathways involving the differentially expressed elements would have the most significant influence on the progression of LC, with the abnormal modulation of these pathways promoting LC development.
Materials and methods
Dataset of experimentally validated target associations between miRNAs and target genes. The experimentally validated dataset of the gene targets of each specific miRNA was extracted based on the data provided by Tarbase 5.0 (10) and miRTarBase (11) . The official symbols used in this study to unify all miRNAs and genes were obtained from the National Center for Biotechnology Information (NCBI) database (http://www.ncbi.nlm.nih.gov/gene/). The inclusion of these experimental data provides strong evidence to support the study. The collected results are referred to as dataset U 1 .
Dataset of experimentally validated regulatory associations between TFs and corresponding miRNAs.
The dataset of the interaction between the TFs and miRNAs was collected from TransmiR (15) , which is a manually extracted database. The results from this process are referred to as dataset U 2 .
Dataset of miRNAs and host genes.
The host genes of respective miRNAs were manually established based on the data obtained from miRBase (16) and the NCBI. Official symbols and IDs were used to represent each host gene and miRNA. The collected results are referred to as dataset U 3 .
Differentially expressed miRNAs in LC and LC-related miRNAs. The differentially expressed miRNAs (overexpressed, downregulated, and upregulated) in LC were mainly extracted from mir2Disease (17) , which is a manually created database of differentially expressed miRNAs in various human diseases. In addition, relevant literature was mined using PubMed (http://www.ncbi.nlm.nih.gov/pubmed) to identify differentially expressed miRNAs associated with LC, the miRNAs involved in LC progression, and differentially expressed and non-differentially expressed miRNAs. The collection of LC-related miRNAs was completed in the same manner. The collected results are referred to as dataset U 4 .
Differentially expressed genes in LC and LC-related genes.
The differentially expressed genes in LC were gathered from several sources, including Cancer Genetics Web (http://www.cancerindex.org/geneweb/), literature searches and the single nucleotide polymorphism (SNP) database of the NCBI (http://www.ncbi.nlm.nih.gov/snp/). Following the collection of the differentially expressed gene data, the LC-related genes were collected from the relevant literature and the GeneCards database (18) . The P-Match algorithm (19) , which operates on the concepts of pattern matching and weight matrix approaches to identify TF binding sites (TFBSs) in DNA sequences, was additionally employed. These TFs were considered to be LC-related genes and only the TFs that appeared in TransmiR (15) were focused on. Promoter region sequences [1,000 nucleotide (nt)] of the targets of differentially expressed genes were downloaded from the UCSC genome browser database (20) . The P-Match algorithm was used to identify the TFBSs in the 1,000-nt promoter region sequences, and these TFBSs were mapped onto the promoter region of the targets. The matrix library utilized by P-Match contains sets of known TFBSs collected from the TRANSFAC database, and thus enables a wide range of TFBSs to be searched for. The vertebrate matrix and restricted high-quality criterion were used. The differentially expressed genes that were obtained were included in the LC-related gene set. The collected results are referred to as dataset U 5 .
Network construction at three levels. Three regulatory networks were constructed to discuss the regulatory interactions between the genes and miRNAs in LC. The regulatory associations for the TFs, miRNAs, targets and host genes from datasets U 1 , U 2 and U 3 were extracted. Following the combination of the associations in these datasets, the global network was derived. Differentially expressed and LC-related elements were separately extracted from U 4 and U 5 , and then separately mapped onto the global network. The differentially expressed and LC-related networks were separately derived following the combination of the associations. Fig. 1 shows numerous important regulatory interactions among the differentially expressed elements in LC. Each node displayed in the figure represents a differentially expressed gene or miRNA. This network is composed of five TFs (TP53, PTEN, MYC, EGFR and NFKB1), the targets of miRNAs, miRNAs and their host genes. With the exception of the host genes, all the other elements are differentially expressed in LC. There are three types of associations between the elements in LC: miRNAs targeting genes, host genes containing miRNAs and genes regulating miRNAs. Several types of the regulatory interactions between miRNAs and genes are shown in Fig. 1 . Most notable are the five TF-related pathways. hsa-miR-106b and hsa-miR-21 target PTEN, which regulates hsa-miR-21. hsa-miR-21 targets EGFR in LC. It is suggested that PTEN could indirectly influence EGFR through hsa-miR-21. An miRNA may target one or several genes. hsa-miR-1-2, for example, targets EGFR, MMP1 and MET. Certain regulatory circuits can also be found in this network. For example, hsa-let-7a-3 regulates and targets NFKB1 at the same time. A number of special characteristics of the host genes and their miRNAs are highlighted in Fig. 1 . A host gene may contain one or several miRNAs, and these miRNAs may target other genes. MIR21, for example, contains hsa-miR-21, which targets PTEN, MYC, BCL2, EGBB2, NFKB1, BTG2 and EGFR. The nodes in the differentially expressed network have already been confirmed by tests. The nodes were confirmed using numerous sources, including Cancer Genetics Web, the SNP database of NCBI, and mir2Disease (17) . This differentially expressed network partly reveals the regulatory mechanism of LC.
Results

Differentially expressed network in LC.
LC-related network. Fig. 2 shows numerous regulatory interactions among genes and miRNAs in LC. The network is composed of differentially expressed genes and miRNAs, LC-related genes and miRNAs, targets of miRNAs and host genes of miRNAs. The LC-related network can be regarded as an extension of the differentially expressed network, based on the fact that the differentially expressed genes and miRNAs are considered to be LC-related elements. Fig. 2 shows five differentially expressed TFs (TP53, PTEN, MYC, EGFR and NFKB1) and nine LC-related TFs (E2F1, E2F3, JUN, RASGRF1, REL, RELA, STAT3, TGFB1, YY1) in LC. A group of additional pathways can also be observed in Fig. 2 ; for example, STAT3 and RELA regulate hsa-miR-21, which targets ICAM1, and E2F3 and E2F1 regulate hsa-miR-106b, which in turn targets E2F3 and RB1. YY1 regulates hsa-miR-1, which targets FN1.
The LC-related network shows more topological associations than the differentially expressed network and contributes to the understanding of the pathogenesis of LC.
Global network in LC.
The global network is the aggregate of datasets U 1 , U 2 and U 3 and includes all the interactions. The global network accommodates the LC-related network, which additionally contains the differentially expressed network.
Analysis of host genes and their miRNAs in LC.
Host genes and their miRNAs exhibit certain important characteristics, and are key biological factors involved in the regulatory process. Fig. 3 shows a number of pathways involving host genes and their miRNAs. Although these host genes are not differentially expressed in LC, their miRNAs are subject to differential expression. Numerous important regulatory associations exist among the host genes, TFs, gene targets and the miRNAs contained within the host genes.
MIR34C is the host gene of hsa-miR-34c, which targets E2F3, MYC and CDK4. MCM7 is the host gene of hsa-miR-106b, which targets E2F3, E2F1 and PTEN. hsa-miR-106b is regulated by E2F3, E2F1 and MYC. C1orf61 contains hsa-miR-9-1, which does not target any gene. hsa-miR-21 is regulated by PTEN, NFKB1 and EGFR, and hsa-miR-21 and PTEN form a self-adaptation association. hsa-miR-16 is regulated by E2F3, E2F1 and NFKB1. It is suggested that an understanding of host genes and their miRNAs could further aid with the clarification of the pathogenesis underlying LC.
Transcriptional network of TFs and differentially expressed miRNAs.
A further analysis of the differentially expressed miRNAs exhibiting regulatory interactions with common TFs was performed. These miRNAs and TFs influence their successors by targeting and regulating them, respectively. The elements involved in LC progression are shown in the predicted transcriptional network in Fig. 4 . With regard to the TFs, the first class of TF has six adjacent nodes (three successors and three predecessors). Three of these TFs, PTEN, TP53 and MYC, exhibit special characteristics, with both direct predecessors and successors. MYC, for example, is represented in the three networks, as shown in Table I . MYC is a notable tumor suppressor with distinct characteristics in the three networks. In the differentially expressed network, 11 miRNAs target MYC, which regulates 22 miRNAs; in the LC-related network, 12 miRNAs target MYC, which regulates 24 miRNAs; and in the global network, 18 miRNAs target MYC, which regulates 32 miRNAs. In the differentially expressed network, the predecessors indirectly influence the successors through MYC. As shown in Table I , hsa-miR-17 targets MYC, which in turn regulates hsa-miR-17, thus generating a self-adaptation association. This self-adaptation association may be crucial in the progression of LC. MYC indirectly influences the expression of other genes via certain miRNAs; for example, MYC regulates hsa-let-7a-1, which targets BCL2. A number of TFs also indirectly influence MYC via certain miRNAs; for example TP53 regulates hsa-miR-34c, which targets MYC. These interactions show that there are numerous complex associations among MYC, miRNAs and other genes. In the global network, the involvement of the six previously mentioned miRNAs (predecessors) hsa-let-7a-1 hsa-let-7a-1 hsa-let-7a-1 hsa-let-7a-2 hsa-let-7a-2 hsa-let-7a-2 hsa-let-7a-3 hsa-let-7a-3 hsa-let-7a-3 hsa-let-7g hsa-let-7g hsa-let-7g hsa-miR-145 hsa-miR-145 hsa-miR-145 hsa-miR-17 hsa-miR-17 hsa-miR-17 hsa-miR-26a-1 hsa-miR-26a-1 hsa-miR-26a-1 hsa-miR-34a hsa-miR-34a hsa-miR-34a hsa-miR-34b hsa-miR-34b hsa-miR-34b hsa-miR-34c hsa-miR-34c hsa-miR-34c hsa-miR-24-1 hsa-miR-21 hsa-miR-21 hsa-miR-24-1 hsa-miR-24-1 hsa-miR-20a hsa-miR-24-2 hsa-miR-378a hsa-miR-98 hsa-miR-26a-2 hsa-miR-24-2 B, miRNAs regulated by MYC Differentially LC-related expressed network network Global network hsa-let-7a-1 hsa-let-7a-1 hsa-let-7a-1 hsa-let-7a-2 hsa-let-7a-2 hsa-let-7a-2 hsa-let-7a-3 hsa-let-7a-3 hsa-let-7a-3 hsa-let-7b hsa-let-7b hsa-let-7b hsa-let-7d hsa-let-7d hsa-let-7d hsa-let-7e hsa-let-7e hsa-let-7e hsa-let-7g hsa-let-7g hsa-let-7g hsa-miR-106 hsa-miR-106 hsa-miR-106 hsa-miR-141 hsa-miR-141 hsa-miR-141 hsa-miR-15a hsa-miR-15a hsa-miR-15a hsa-miR-17 hsa-miR-17 hsa-miR-17 hsa-miR-19a hsa-miR-19a hsa-miR-19a hsa-miR-221 hsa-miR-221 hsa-miR-221 hsa-miR-23b hsa-miR-23b hsa-miR-23b hsa-miR-26a-1 hsa-miR-26a-1 hsa-miR-26a-1 hsa-miR-29b-1 hsa-miR-29b-1 hsa-miR-29b-1 hsa-miR-29b-2 hsa-miR-29b-2 hsa-miR-29b-2 hsa-miR-29c hsa-miR-29c hsa-miR-29c hsa-miR-34a hsa-miR-34a hsa-miR-34a hsa-miR-9-1 hsa-miR-9-1 hsa-miR-9-1 hsa-miR-9-2 hsa-miR-9-2 hsa-miR-9-2 hsa-miR-9-3 hsa-miR-9-3 hsa-miR-9-3 hsa-let-7c hsa-let-7c hsa-miR-195 hsa-miR-195 hsa-let-7f-1 hsa-let-7f-2 hsa-let-7i and seven additional miRNAs (successors) in LC has not been validated. Despite this, the collected information is likely to be of use in the elucidation of the pathogenesis of LC. The second class of TF, which includes EGFR, has five adjacent nodes (two successors and three predecessors). Six miRNAs target EGFR, and EGFR regulates hsa-miR-21 in three networks.
The remaining genes, i.e. those that do not regulate any miRNAs, can be grouped into one of three classes. In the first class of gene, each gene has three adjacent nodes (three predecessors). These genes include CDKN1A, ATM, MMP2 and MMP1, which are targeted by certain miRNAs but do not regulate any miRNAs. In the second class of gene, each gene has four types of adjacent nodes in the three networks (one successor and three predecessors). These genes include CDKN2A, RB1 and CDK4. In the third class of gene, each gene again has three adjacent nodes, but in this case they are three successors. An example of a class-three gene is FOXM1. It is suggested that the FOXM1 has less of an impact, as compared with other differentially expressed genes.
Comparison and analysis of the characteristics of the differentially expressed miRNAs. The first class of miRNA, which includes hsa-miR-34c, hsa-let-7a-1, hsa-let-7a-2 and hsa-let-7a-3, has six adjacent nodes (three predecessors and three successors). These four differentially expressed miRNAs (hsa-miR-34c, hsa-let-7a-1, hsa-let-7a-2 and hsa-let-7a-3) and their corresponding genes form four self-adaptation associations. Using hsa-let-7a-1 as an example, Table II lists the precursors and successors of the miRNA in the differentially expressed, LC-related and global networks. In the differentially expressed network, MYC regulates hsa-let-7a-1, which targets four differentially expressed genes; in the LC-related network, four genes regulate hsa-let-7a-1, which targets 13 genes; in the global network, 10 genes regulate hsa-let-7a-1, which targets 36 genes. Table II shows that MYC indirectly influences MYC, CASP8, NRAS and KRAS expression by regulating hsa-let-7a-1 in the differentially expressed network. MYC and hsa-let-7a-1 and E2F1 and hsa-let-7a-1 separately form self-adaptation associations. hsa-let-7a-1 indirectly influences other miRNAs via certain TFs; for example, hsa-let-7a-1 targets NFKB1, which regulates hsa-miR-16-1, hsa-miR-16-2, hsa-miR-21 and hsa-let-7a-3. A number of miRNAs also indirectly influence hsa-let-7a-1 via certain TFs; for example, hsa-miR-24-1 targets MYC, which regulates hsa-let-7a-1. These interactions show that hsa-let-7a-1 has numerous regulatory associations with genes and other miRNAs.
The second class of miRNA, which includes hsa-miR-9-1, hsa-miR-9-2 and hsa-miR-9-3, has five adjacent nodes (two successors and three predecessors). In the differentially expressed network, MYC and NFKB1 regulate hsa-miR-9, and hsa-miR-9 targets MMP13 and NFKB1; in the LC-related network, MYC and NFKB1 regulate hsa-miR-9, and hsa-miR-9 targets CDH1, MYC and NFKB1.
The third class of miRNA, which includes hsa-miR-24-1, has four adjacent nodes (three successors and one predecessor). In the differentially expressed network, hsa-miR-24-1 is not regulated by a TF but targets CDK4, CDKN2A, MYC and CCNA2; in the LC-related network, TGFB1 regulates hsa-miR-24 and hsa-miR-24 target seven genes.
The fourth class of miRNA, which includes hsa-miR-203, has three adjacent nodes (two successors and one predecessor). In the LC-related network, hsa-miR-203 is not regulated by a TF but targets TP63.
Comparison and analysis of the characteristics of common
TFs. Following the analysis of the differentially expressed network, the common TFs in the LC-related network were compared and analyzed using the same method as that used to compare the differentially expressed miRNAs. The first class of TF has six adjacent nodes (three successors and three predecessors). Six TFs (RUNX1, E2F1, E2F3, NFKB1, YY1 and CREB1) and their corresponding miRNAs form self-adaptation associations. The following section focuses CASP8  CASP8  CASP8, KRAS  KRAS  KRAS  MYC, NRAS  MYC  MYC  APP, BCL2  NRAS  NRAS  E2F1, E2F2  APP  HRAS, IL6  BCL2  ITGB3, NFKB1  E2F1  THBS1, AMMECR1  E2F2  CASP3, CASP9  HRAS  CCND2, DICER1  IL6  EGR3, EIF2C4  ITGB3  HMGA1, HMGA2  NFKB1  HNRPDL, IGF2  THBS1  LIN28A, MEIS1  NEFM, NF2  NKIRAS2, PRDM1  RAVER2, SLC20A1  TRIM71, TUSC2  UHRF2, ZFP36L1 on E2F1. Table III shows the predecessors and successors of E2F1, as well as the associated regulatory interactions. In the differentially expressed network, eight miRNAs target E2F1, which in turn regulates eight miRNAs; in the related network, nine miRNAs target E2F1, which regulates nine miRNAs; in the global network, 16 miRNAs target E2F1, which regulates 28 miRNAs. It can be noted from Table III that five miRNAs (hsa-let-7a-1, hsa-let-7a-2, hsa-let-7a-3, hsa-miR-106a and hsa-miR-17) and E2F1 separately form self-adaptation associations in the three networks. E2F1 is not differentially expressed in LC, but hsa-let-7a-1, hsa-let-7a-2 and hsa-let-7a-3 are subject to differential expression; thus, it can be inferred that the three miRNAs indirectly lead to changes in the expression of other miRNAs via E2F1. The pathways involving E2F1 and the differentially expressed miRNAs indicate that six miRNAs (hsa-miR-149, hsa-miR-23b, hsa-miR-34a, hsa-miR-15a, hsa-miR-15b and hsa-miR-19a) exhibit important differential expression in LC. These miRNAs not only are differentially expressed but also represent adjacent nodes of E2F1 that are frequently involved in transcription in cancer.
The second class of TF, which includes RELA, has five adjacent nodes (two successors and three predecessors). In the differentially expressed network, RELA is not targeted by any differentially expressed miRNAs and it does not regulate any miRNAs; however, RELA regulates hsa-miR-21 in the LC-related network.
The third class of TF, which includes STAT1, NKX2-5 and E2F2, has three adjacent nodes (three successors or three predecessors). In the LC-related network, three differentially expressed miRNAs target E2F2, which does not, in turn, regulate any miRNAs.
The fourth class of TF, which includes REL and IRF1, has two adjacent nodes (two successors and no predecessors). In the LC-related network, no differentially expressed miRNAs target REL, but REL regulates hsa-miR-21.
In the final class of TF, which includes TFAP4 and NF1, each TF has one adjacent node (a predecessor).
Discussion
In the present study, three regulatory topological networks (differentially expressed, LC-related and global) were constructed in order to reveal the important pathways in LC and to establish a topological network regarding the development of LC. Following construction, the critical hubs and certain notable features within the networks, including self-adaptation regulation associations and nodes without direct predecessors or successors, were taken into consideration. In addition, certain significant regulatory associations involving differentially expressed genes, differentially expressed miRNAs and predicted TFs were identified.
The results of the study demonstrated that four differentially expressed miRNAs (hsa-let-7a-1, hsa-let-7a-2, hsa-let-7a-3 and hsa-miR-34c) and their corresponding genes form self-adaptation associations in LC, while six common TFs (E2F1, E2F3, NFKB1, RUNX1, YY1 and CRFB1) and their corresponding differentially expressed miRNAs form self-adaptation associations. There are numerous pathways involving interactions in which either one or multiple elements hsa-let-7a-1 hsa-let-7a-1 hsa-let-7a-1 hsa-let-7a-2 hsa-let-7a-2 hsa-let-7a-2 hsa-let-7a-3 hsa-let-7a-3 hsa-let-7a-3 hsa-miR-106a hsa-miR-106a hsa-miR-106a hsa-miR-15a hsa-miR-15a hsa-miR-15a hsa-miR-15b hsa-miR-15b hsa-miR-15b hsa-miR-17 hsa-miR-17 hsa-miR-17 hsa-miR-19a hsa-miR-19a hsa-miR-195 hsa-miR-195 hsa-miR-19a hsa-miR-106b hsa-let-7i hsa-miR-16-1 hsa-miR-16-2 hsa-miR-18a hsa-miR-18b hsa-miR-19b-1 hsa-miR-19b-2 hsa-miR-20a hsa-miR-20b hsa-miR-223 hsa-miR-25 hsa-miR-363 hsa-miR-449a hsa-miR-449b hsa-miR-449c hsa-miR-92a-1 hsa-miR-92a-2 hsa-miR-93 are differentially expressed. hsa-let-7a-1, for example, targets NFKB1, which in turn regulates hsa-miR-16-1, and hsa-miR-21 targets MYC, which regulates hsa-miR-16-1. These pathways perform a key function in LC. Certain pathways have been found to affect the progression of LC. It has been suggested that hsa-mir-21 and PTEN play important roles in the progression of LC, with the two factors demonstrating a negative correlation (21) . Some specific genes, miRNAs, and their interactions in LC have previously been identified. For example, the TP53Pro variant may contribute to the risk of LC development (22) . Furthermore, Navarro et al (23) indicated that TP53 regulates hsa-miR-143 in resected non-small-cell lung cancer. The present study demonstrated that some pathways are not involved in LC; however, they influence the progression of numberous other carcinomas, for example hsa-miR-16 targets BCL2 in chronic lymphocytic leukemia (24) . Although numerous functions of the identified pathways have not been elucidated in the present study, the biological functions of these pathways in other types of cancer may be transferable to LC. The remaining pathways that have not been detected in cancer may have some potential functions in LC, for example YY1 regulates hsa-miR-1-1. For those pathways of predicted TFs, some pathways have been detected in other carcinomas, for example miR-7 is a novel inhibitor of YY1 contributing to colorectal tumorigenesis (25) .In this way, information on the interactions among genes can be extrapolated from one type of carcinoma to another, and the blind spots of research on the pathology of LC can be highlighted.
In conclusion, the present study has partly uncovered the regulatory associations in the development of LC and supplied comprehensive data associated with LC. These data can be used to guide medical investigators and biologists undertaking further research in LC. Investigations into protein interactions and regulatory patterns (upregulation and downregulation) will enable the construction of a more comprehensive and extensive network for LC.
